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(S) Computer system with derived local bus. 

(57) An integrated processor is provided that in- 
cludes a CPU core, a local bus coupled to the 
CPU core, and a variety of peripheral such as a 
memory controller, a direct memory access 
controller, and an interrupt controller coupled 
to the local bus. A bus interface unit is further 
provided to interface between the CPU local 
bus and a PCI standard multiplexed peripheral 
bus. The CPU core, the memory controller, the 
direct memory access controller, the interrupt 
controller, and the bus interface unft are all 
incorporated on a common integrated circuit 
chip. A local bus control unit is further provided 
that is capable of generating a loading signal 
and an address strobe signal synchronously 
with certain bus cycles that are executed on the 
PCI bus. The local bus control unit allows exter- 
nal peripheral devices that are compatible with 
the CPU local bus protocols to be connected 
through the PCI bus. A latch is coupled to the 
multiplexed address/data (A/D) lines of the PCI 
bus and includes a set of output Jines coupled 
to the address input lines of the externally 
connected peripheral device. The external latch 
Is latched by the loading signal. The cycle 
definition signals of the PCI bus are further 
latched within the external latch to provide 
memory/IO and read/write signals to the exter- 
nal peripheral device. The data lines of the 
peripheral device may be connected directly to 
the multiplexed address/data lines of the PCI 
bus. 
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This invention relates to integrated microproces- 
sor systems and more particularly to the derivation of 
a local CPU style bus from a multiplexed peripheral 
bus. 

Figure 1 is a block diagram of a computer system 
1 0 including a microprocessor (CPU) 12, a CPU local 
bus 14 coupled to microprocessor 12, and a video 
controller 16 coupled to the CPU local bus 14. A bus 
Interface unit 20 is further shown that provides an in- 
terface between the CPU local bus 14 and a multi- 
plexed peripheral bus 22. A peripheral device 24 is 
coupled to the multiplexed peripheral bus 22, and in 
addition, a variety of other peripheral devices 26 may 
further be coupled to CPU local bus 14. 

Microprocessor 12 is illustrative of, for example, 
a model 80486 microprocessor, and CPU local bus 14 
is exemplary of an 80486 local bus. The CPU local 
bus 14 includes a set of data lines D[31 :0], a set of ad- 
dress lines A[31:0], and a set of control lines. Details 
regarding the various bus cycles and protocols of the 
80486 CPU local bus 14 are described in a host of 
publications of the known prior art 

Video controller 16 is provided with computer 
system 10 for controlling the display of various infor- 
mation on a monitor (not shown). A variety of specific 
video controllers exemplary of video controller 1 6 are 
currently available that connect to an 80486 local bus. 

A variety of additional peripheral devices 26 may 
further be connected to CPU local bus 14. For exam- 
ple, a system memory controller as well as a direct 
memory access controller may be coupled to local 
bus 14. 

Bus Interface 20 provides a standard interface 
between the CPU local bus 14 and the multiplexed 
peripheral bus 22. As such, bus interface 20 orches- 
trates the transfer of data, address, and control sig- 
nals between the various buses. 

Multiplexed peripheral bus 22 is illustrative of, for 
example, a PCf standard configuration bus. Details 
regarding the PCI standard bus are provided within 
the publication entitled "PCI Local Bus Specifica- 
tion"; PCI Special Interest Group; Hiilsboro, Oregon. 

The microprocessor 12, the video controller 16, 
the bus interface unit 20, and the other peripheral de- 
vices 26 have traditionally been fabricated on sepa- 
rate integrated circuit chips. A new trend in computing 
systems has developed, however, that Involves the In- 
corporation of a CPU core along with a variety of per- 
ipherals fabricated on a single Integrated micropro- 
cessing chip. Such an integrated microprocessing 
chip typically includes a microprocessor core, a CPU 
local bus, a bus Interface unit, and a variety of periph- 
eral devices such as, for example, a memory control- 
ler, a direct memory access controller, and an Inter- 
rupt controller. Within such an integrated micropro- 
cessing system, a set of external pins that provides 
external access to the CPU local bus may be provided 
in addition to another set of external pins coupled to 



the Internal bus interface unit that allows the connec- 
tion of external devices to a multiplexed peripheral 
bus. However, the incorporation of one set of external 
pins for the CPU local bus 14 as welt as another set 

5 of pins for the multiplexed peripheral bus results in a 
relatively high overall cost due to the large pin count 
of the integrated circuit chip. 

The problems outlined above are In large part 
solved by a computer system to be described herein 

10 that, derives a local CPU style bus from a multiplexed 
peripheral bus. In one embodiment, an integrated 
processor is provided that includes a CPU core, a lo- 
cal bus coupled to the CPU core, and a variety of per- 
ipheral such as a memory controller, a direct memory 

15 access controller, and an Interrupt controller coupted 
to the local bus. A bus interface unit is further provid- 
ed to interface between the CPU local bus and a PCI 
standard multiplexed peripheral bus. The CPU core, 
the memory controller, the direct memory access 

20 controller, the interrupt controller, and the bus inter* 
face unit are all incorporated on a common integrated 
circuit chip. A local bus control unit is further provided 
(hat is capable of generating a loading signal and an 
address strobe signal synchronously with certain bus 

25 cycles that are executed on the PCI bus. The local bus 
control unit allows external peripheral devices that 
are compatible with the CPU local bus protocols to be 
connected through the PCI bus. A latch is coupled to 
the multiplexed address/data (A/D) lines of the PCI 

30 bus and indudes a set of output tines coupled to the 
address input lines of the externally connected per- 
ipheral device. The external latch is latched by the 
loading signal. The cycle definition signals of the PCI 
bus are further latched within the external latch to 

35 provide memory/IO and read/write signals to the ex- 
ternal peripheral device. The data lines of the periph- 
eral device may be connected directly to the multi- 
plexed address/data lines of the PCI bus. 

We shall describe a computer system wherein 

40 CPU local bus-compatible peripheral devices may be 
advantageously connected to an Integrated proces- 
sor without requiring a full set of external pins that 
connect directly to the internal CPU local bus. There- 
fore, the overall cost of the integrated processor may 

45 be minimized while maintaining broad compatibility 
and high performance. 

Broadly speaking, we shall describe a computer 
system comprising a peripheral bus including a plur- 
ality of multiplexed address/data lines, a latch having 

so an Input port coupled to the plurality of multiplexed 
address/data lines, and an integrated processor in- 
cluding a CPU core, a local bus, a bus interface unit 
capable of interfacing data, address, and control sig- 
nals between the local bus and the peripheral bus, 

55 and a local bus control unit coupled to a local bus and 
capable of generating a loading signal indicative of 
the presence of a valid address on the peripheral bus. 
The computer system further comprises a peripheral 
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device having a plurality of addressing lines coupled 
to an output port of the latch, and a plurality of data 
lines coupled to the multiplexed address/data lines of 
the peripheral bus. 

We shall further describe a method for deriving a s 
CPU local style bus externally from an Integrated 
processor. The integrated processor includes a CPU 
core, a local bus coupled to the CPU core, and a bus 
interface unit for interfacing data, address, and con- 
trol signals between the local bus and an external io 
multiplexed peripheral bus. The method comprises 
the steps of driving a plurality of multiplexed address- 
/data lines of the peripheral bus with a valid address 
signal, asserting a loading signal when the peripheral 
bus is driven with a valid address signal, latching the is 
valid address signal in response to the loading signal, 
driving the plurality of multiplexed address/data lines 
with valid data, and providing the valid address signal 
and the valid data simultaneously to a peripheral de- 
vice. 20 

Other objects and advantages of the invention 
will become apparent upon reading the following de- 
tailed description and upon reference to the accom- 
panying drawings in which, by way of example only: 

Figure 1 is a block diagram of a prior art computer 25 
system including a multiplexed peripheral bus. 

Figure 2 Is a block diagram of a computer system 
including an integrated processor according to tha 
present invention. 

Figure 3 is a timing diagram that illustrates a write 30 
cycle to a peripheral device coupled to a derived CPU 
local-style bus. 

Figure 4 is a timing diagram that illustrates a read 
cycle to a peripheral device coupled to a derived CPU 
local-style bus. 35 

While the invention is susceptible to various mod- 
ifications and alternative forms, specific embodi- 
ments thereof are shown by way of example in the 
drawings and will herein be described in detail. It 
should be understood, however, that the drawings 40 
and detailed description thereto are not Intended to 
limit the invention to the particular form disclosed, but 
on the contrary, the intention is to cover all modifica- 
tions, equivalents and alternatives falling within the 
scope of the appended claim. 45 

Referring next to Figure 2, a block diagram is 
shown of a computer system 200 including an inte- 
grated processor 21 0 according to the present inven- 
tion. In addition to integrated processor 210, comput- 
er system 200 also includes a PCI bus 220, a latch cir- 50 
cuit 225, and a peripheral device exemplified specif- 
ically withm the drawing as a video controller 230. 

Integrated processor 210 Includes a CPU core 
240, a bus interface unit 242, a local bus control unit 
244, one or more on-chip peripherals designated by 55 
block 246, and a local bus 248 that interconnects the 
Internal circuit portions of integrated processor 210. 
Each of the illustrated components of Integrated proc- 



essor 210 are fabricated on a single integrated circuit 
and are housed within a common integrated circuit 
package. In the embodiment shown, CPU core 240 
implements a model 80486 microprocessor instruc- 
tion set. Local bus 248 is similarly a model 80486 
style local bus. It is noted, however, that CPU core 
240 is also exemplary of other microprocessors, in- 
cluding the model 80286 and model 80386 micropro- 
cessors, among others. 

Bus interface unit 242 provides a standard inter- 
face between the CPU local bus 248 and the PCI bus 
220. As such, the bus interface unit 242 orchestrates 
the transfer of data, address, and control signals be- 
tween focal bus 248 and PCI bus 220. As is well 
known to those of skill In the art, an 80486 local bus 
includes separate address and data lines, while the 
PCI bus includes a plurality of multiplexed address- 
/data lines. Details regarding PCI bus 220 are descri- 
bed within the publication entitled "PCI Local Bus 
Specification"; PCI Special Interest Group; Hillsboro, 
Oregon. This publication Is incorporated herein by ref- 
erence in its entirety. 

The on-chip peripherals block 246 is representa- 
tive of a variety of peripheral devices that may be in- 
corporated within integrated processor 210. For ex- 
ample, peripherals such as a memory controller, a di- 
rect memory access controller, and an interrupt con- 
troller could be included as an integral portion of in- 
tegrated processor 210. 

As will explained in further detail below, local bus 
control unit 244 generates a loading signal LDEN and 
an address strobe signal LADS that allow an external 
peripheral device that is compatible with the CPU lo- 
cal bus 248 protocols to be connected to PCI bus 220. 
The local bus control unit 244 is synchronized with the 
bus Interface unit 242 to ensure proper timing of the 
loading signal LDEN and the address strobe signal 
LADS. 

Latch 225 is a multi-bit latching circuit which pro- 
vides selected signals f rom PCI bus 220 to video con- 
troller 230. Latch 225 is enabled by the loading signal 
LDEN and is clocked by the clock signal PCICLK. 
Latch 225 may be physically composed of a set 
of '377 type D latches. 

In this embodiment, video controller 230 is a per- 
ipheral device that is compatible with and directly 
connectable to an 80486-style local bus. Video con- 
troller 230 controls the display of video information on 
a monitor (not shown) of computer system 200. Al- 
though a video controller 230 is shown connected to 
the computer system 200 in the embodiment of Figure 
2, it is understood that other local bus compatible per- 
ipheral devices may be connected in a similar fashion 
to the PCI bus 220, 

The data, address, and control signals that are 
coupled between Integrated processor 210, PCI bus 
220, latch 225, and video controller 230 are next con- 
sidered. The timing clock for video controller 230 is 
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the PCI clock signal PCICLKO. The multiplexed ad- 
dress/data (A/D) lines of PCI bus 220 are connected 
to an Input port of latch 225. Similarly, the multiplexed 
cycle definition/byte enable (C/BE) lines of PCI bus 
220 are coupled to a second input port of latch 225. 5 
The multiplexed address/data (A/D) lines of PCI bus 
220 are additionally coupled directly to the data input 
lines D[31 ;0] of video controller 230. Similarly, the 
multiplexed cycle definition/byte (C/BE) lines of the 
PCI bus 220 are additionally coupled directly to the 10 
byte enable lines BE[3:0] of video controller 230. The 
video controller 230 local bus acknowledge signal 
LACK Is logically connected to the DEVSEL# line of 
the PCI bus 220. This connection is provided to allow 
video controller 230 to claim a PCI bus cycle as its 15 
own. It is noted that either video controller 230 itself 
or an external buffer (not shown) must assure that the 
DEVSEL# line of PCI bus 220 is driven according to 
the PCI style sustained 3-state (S/T/S) method. The 
end of cycle ready signal LRDY generated by video 20 
controller 230 connects directly to the TRDY line of 
PCI bus 220. An output port of latch 225 is connected 
directly to the address input lines A[31 :0] of video con- 
troller 230. A pair of output lines of latch 225 are fur- 
ther connected to the M/IO and R/W control lines of 25 
video controller 230. The loading signal LDEN gener- 
ated by local bus control unit 244 is coupled to the en- 
able input of latch 225. The clock signal PCICLK is 
further connected to a dock Input of latch 225. Finally, 
the address strobe signal LADS generated by local 30 
bus control unit 244 is coupled to the address strobe 
input line of video controller 230. This LADS address 
strobe Is generated in accordance with the timing of 
an 80486 style local bus. 

Referring next to Figure 3 in conjunction with Fig- 35 
ure 2, the operation of the computer system 200 Is 
next explained. Figure 3 is a timing diagram that Illus- 
trates the data, address, and control signals associ- 
ated with a write cycle to video controller 230. When 
CPU core 240 initiates a write cycle to video controller 40 
230, the PCI control signal FRAME# Is asserted low 
during a state 302 by bus Interface unit 242. At the 
same time, the multiplexed address/data lines 
A/D[31:0] of the PCI bus 220 are driven with a valid 
address, and the cycle definition/byte enable lines 45 
C/BE[3:0] of PCI bus 220 are driven with a cycle sta- 
tus opcode to Indicate that the present cycle is a write 
operation. When the FRAME# signal Is asserted low, 
the loading signal LDEN is also asserted by local bus 
control unit 244. This causes the address and cycle so 
status signals to be stored within latch 225. 

During bus state 304, the FRAMED signal Is deas- 
serted by bus Interface unit 242, and the loading sig- 
nal LDEN Is deasserted by the local bus control unit 
244. The write data is driven on the multiplexed ad- 55 
dress/data lines AD[31:0) of PCI bus 220 by bus inter- 
face unit 242, and the byte enable signals are driven 
on the multiplexed cycle definition/byte enable lines 



C/BE[3:0] of PCI bus 220. The address strobe signal 
LADS Is further asserted low by the local bus control 
unit 244. The assertion of the address strobe signal 
LADS indicates that valid data, address, and control 
signals are presently being provided to video control- 
ler 230. It is noted that the M/IO signal is captured by 
latch 225 from the C/BE(2] line of PCI bus 220. and 
that the R/W signal Is captured by latch 225 from the 
C/BE[0J line of PCI bus 220. 

During bus state 306, the video controller 230 ac- 
knowledges the cycle by asserting the acknowledge 
signal LACK which accordingly drives the DEVSELif 
line of PCI bus 220 low. During bus state 308, video 
controller 230 writes the data driven on the multi- 
plexed address/data lines of PCI bus 220, and ac- 
cordingly asserts the end of cycle ready signal LRDY 
low. This completes the PCI bus cydo. 

Figure 4 is a similar timing diagram that illus- 
trates a memory read cycle to video controller 230. 
During bus state 402. the FRAME* signal is asserted 
low by bus interface unit 242 and the loading signal 
LDEN is asserted low by local bus control unit 244. A 
valid address signal is concurrently driven on the mul- 
tiplexed address/data lines AD[31:0] of PCI bus 220, 
and the cycle status signal is driven on the multi- 
plexed C/BE[3:0] lines of PCI bus 220. During this cy- 
cle, the cycle status signal indicates a memory read 
operation. 

During bus state 404, the FRAME# signal and 
loading signal LDEN are deasserted high, and the ad- 
dress strobe signal LADS Is asserted low. According- 
ly, the valid address signal along with the cycle status 
signal are provided at the output port AJ31:0] and the 
M/IO and R/W output lines of latch 225. Valid byte en- 
able signals are concurrently driven on the C/BE[3;0] 
lines of PCI bus 220. During bus state 406, the device 
acknowledge signal LACK is asserted low by video 
controller 230 and accordingly the DEVSEL0 line of 
PCI bus 220 is also asserted tow. During bus state 
408, the read data is driven on the data lines D[31:0] 
of video controller 230, and is thereby driven upon the 
multiplexed address/data lines of PCI bus 220. The 
end of cycle ready signal LRDY Is simultaneously as- 
serted low by video controller 230, which causes bus 
interface unit 242 to latch the read data Into integrated 
processor 210. The PCI bus cycle b thereby complet- 
ed. 

In accordance with the computer system of Fig- 
ure 2 t a local bus peripheral device may be connected 
to Integrated processor 210 without requiring an ex- 
ternal port that connects directly to the internal local 
bus 248 of integrated processor 210. Accordingly , the 
number of pins required on the integrated circuit pack- 
age of Integrated processor 210 can be minimized, 
thereby minimizing cost. Furthermore, while pin 
count is minimized, broad compatibility of the inte- 
grated processor 210 is maintained. 

Numerous variations and modifications will be- 
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come apparent to those skilled in the art once the 
above disclosure is fully appreciated. For example, 
devices compatible with the VESA VL-Bus may be 
connected to a system according to the present inven- 
tion. It is intended that the following claims be inter- 5 
preted to embrace all such variations and modifica- 
tions. 



Claims w 

1. A computer system comprising: 

a peripheral bus including a plurality of 
multiplexed address/data lines; 

a latch having an input port coupled to said 15 
plurality of multiplexed address/data lines; 

an integrated processor Including: 
a CPU core; 

a local bus coupled to said CPU 
core; 20 

a bus interface unit capable of in- 
terfacing data, address, and control signals be- 
tween said local bus and said peripheral bus; and 

a local bus control unit coupled to 
said local bus and capable of generating a load- 25 
ing signal indicative of the presence of a valid ad- 
dress on said peripheral bus; and 

a peripheral device having a plurality of 
addressing lines coupled to an output port of said 
latch, and a plurality of data lines coupled to said 30 
plurality of multiplexed address/data lines of said 
peripheral bus. 

2. The computer system as recited in Claim 1 
wherein said peripheral bus is a PCI standard 35 
configuration bus. 

3. The computer system as recited in Claim 1 
wherein said latch further includes a plurality of 
input lines coupled to a multiplexed cycle def ini- 40 
tion/byte enable lines of said peripheral bus, and 
includes at least one output line coupled to a 
read/write line of said peripheral device. 

4. The computer system as recited In Claim 1 45 
wherein said CPU core implements an 80486 in- 
struction set 

5. The computer system as recited in Claim 3 
wherein said multiplexed cycle definition/byte en- so 
able lines of said peripheral bus are further con- 
nected to a plurality of byte enable Input lines of 
said peripheral device. 

6. The computer system as recited in Claim 1 65 
wherein said loading signal is asserted during an 
address phase of said peripheral bus and where- 
in said loading signal is deasserted during a data 



phase of said peripheral bus. 

7. The computer system as recited in Claim 1 
wherein said peripheral device is a video control- 
ler. 

8. The computer system as recited in Claim 1 
wherein said local bus control unit is further ca- 
pable of asserting an address strobe signal. 

9. The computer system as recited in Claim 1 
wherein said loading signal is provided to a clock 
input line of said latch. 

10. The computer system as recited in Claim 8 
wherein said address strobe signal is provided to 
an address strobe input line of said peripheral de- 
vice. 

11. The computer system as recited in Claim 8 
wherein said address strobe signal is asserted 
when a valid data signal is driven on said periph- 
eral bus. 

12. A method for driving a CPU local style bus extern- 
ally from an integrated microprocessor, wherein 
said integrated processor includes a CPU core, a 
local bus coupled to safd CPU core, and a bus in- 
terface unit for interfacing data, address, and 
control signals between said local bus and an ex- 
ternal multiplexed peripheral bus, said method 
comprising the steps of: 

driving a plurality of multiplexed address/data 
lines of said peripheral bus with a valid address 
signal; 

asserting a loading signal when said per- 
ipheral bus is driven with said valid address sig- 
nal; 

latching said valid address signal in re- 
sponse to said loading signal; 

driving said plurality of multiplexed ad- 
dress/data lines with valid data; 

providing said valid address signal and 
said valid data simultaneously to a peripheral de- 
vice. 

13. The method as recited in Claim 12 comprising the 
further steps of: 

driving a cycle definition signal on a set of 
control lines of said peripheral bus while driving 
said valid address signal on said plurality of mul- 
tiplexed address/data lines; and 

latching said cycle definition signal in re- 
sponse to said loading signal. 

14. The method as recited in Claim 13 comprising the 
further steps of driving a byte enable signal on 
said set of control lines while driving said valid 
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data on said plurality of multiplexed address/data 
lines. 

15. A computer system comprising: 

a PCI standard configuration peripheral 5 
bus Including a plurality of multiplexed address/data 
lines; 

a latch having an Input port coupled to said 
plurality of multiplexed address/data lines; 

an integrated processor Including: 10 
a CPU core that implements an 
80486 Instruction set; 

a local bus coupled to said CPU 

core; 

a bus Interface unit capable of in- is 
terfacing data, address, and control signals be- 
tween said local bus and said PCI standard con- 
figuration peripheral bus; and 

a local bus control unit coupled to 
said local bus and capable of generating a load- 20 
Ing signal indicative of the presence of a valid ad- 
dress on said PCI standard configuration periph- 
eral bus; and 

a peripheral device having a plurality of 
addressing lines coupled to an output port of said 25 
latch, and a plurality of data lines coupled to said 
plurality of multiplexed address/data lines of said 
PCI standard configuration peripheral bus. 

18. The computer system-as recited in Claim 15 30 
wherein said latch further includes a plurality of 
input lines coupled to a multiplexed cycle defini- 
tion/byte enable lines of said peripheral bus, and 
Includes at least one output line coupled to a 
read/write line of said peripheral device. 35 

17. The computer system as recited In Claim 16 
wherein said multiplexed cycle definition/byte en- 
able lines of satd PCI standard configuration per- 
ipheral bus are further connected to a plurality of 40 
byte enable input lines of said peripheral device. 

18. The computer system as recited in Claim 15 
wherein said loading signal Is asserted during an 
address phase of said PCI standard configura- 45 
tlon peripheral bus and wherein said loading sig- 
nal Is deasserted during a data phase of said per* 
Ipheral bus. 

19. The computer system as recited in Claim 18 so 
wherein said local bus control unit Is further ca- 
pable of asserting an address strobe signal. 

20. The computer system as recited in Claim 19 
wherein said loading signal is provided to an en- 55 
able Input line of said latch. 
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